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Biological Diversity in Ecosystems

Ecosystem with versatile living conditions:
— high diversity

— low numbers of individuals

Ecosystem with one-sided living conditions:
— low diversity

— high number of individuals

Thienemann 1920



Microbial Diversity and Abundance of Species

Discrepancy between:
Number of bacterial colonies that from on solid media

and the total number of bacteria

Cutler and Crump 1935

Application of molecular ecological techniques:
comparative analysis of 16S rRNAs or 16S rRNA genes

qualitative and some quantitative informations



“Unculturable” Bacteria

Inadequate traditional More sophisticated

cultivation techniques molecular techniques

Bioremediation potential of bacteria?

U

Isolate abundant species

Isolation of phylogenetically novel soil bacteria
Joseph et al 2003



Acidic Coal Mining Lake Sediments




Formation of Acidity in Coal Mining Lakes

Oxidation of Pyrite FeS,+3.50,+H,0 - Fe**+2S0,%+2H"*



Characteristics of Acidic Coal Mining Lakes

Oxidation of Pyrite FeS,+3.50,+H,0 - Fe?*+2S0,%+2H"*



Can we reverse these processes?

Formation of Acidity

Oxidation

Fe(OH),

Reduction /
Fe(lll) reducers
Formation of Alkalinity Sulfate reducers

Pyrite




Depth Profiles of the Sediment Solid Phase
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Do we have different microbial communities?

60
2
1x10°  2x10°  3x10° > 50 -
0 \ \ (@)
. s
o 40 -
N o Zone | 'E
ol N\ S
—_ [ =
5 ) g o0
= Zone ll s
% -10 + / g.
X i
R B Zone llI 9 2
\ o
14 \ pH %
16 |- \ £ 10 1
18 ‘ 7
2 3 4 5 6 7 0
pH | | | | |

0 50 100 150 200 250

Number of clones screened



Microbial Diversity at pH 3 and pH 5 Zones

Zone I Zone III
Bacillus/Clostridium-Group 5% Unculttured 3%
Firmicutes/Actinobacteria 3% a-Proteobacteria 3% a-Proteobacteria 5%

Thermo/Deinococcus-Group 3%

/

y-Proteobacteria 8%
B-Proteobacteria 14% OP3-Group 3%  ~__
Verumicroba ~———

(subdivision 5) 3% 5-Proteobacteria 8%

y-Proteobacteria 11%

Acidobacteria 46% Cytophagales-Group 9%

5-Proteobacteria 3%

Cytophagales-Group 11%
Nitrospira-Group 8%

Acidobacteria 45%
Nitrospira-Group 11%

Actinomycetes-Group 3%

Very few clones were related to known Fe(lll)-reducing bacteria!



What stimulates the reduction of Fe(lll)?

Fe(ll) (mM)
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MPN Values of the Fe(lll)-reducing Microbiota

MPN

g (wet wt. sediment)-1
Fe(lll) reducer Fe(lll) source pH pH 3 Zone | pH 5 Zone Il
S°-utilizing schwertmannite 3.0 2.0 x 106 2.0 x 104
S°-utilizing goethite 5.0 5.0 x 102 2.1 x 102
Glucose- schwertmannite 3.0 5.0 x 106 5.0 x 106
utilizing
Glucose- goethite 5.0 7.0 x 102 2.0x 103
utilizing
Lactate- schwertmannite 3.0 20 0
utilizing
Lactate- FeOOH 5.0 n.d. 2.3 x 104
utilizing
EtOH-utilizing FeOOH 5.0 n.d. 2.3x105
Total cell 9 x 108 5x108
counts

2 MPN dilutions were incubated in three replicates at 15°C for 6 months.



Isolation of Acidiphilium cryptum JF-5

acidophilic, heterotrophic
Fe(lll) reducer (a-Protoebacteria)

facultative anaerobic,
gram-negative rod

soluble and solid phase Fe(lll)
are reduced at pH 2.3t0 5

0.3

Fe(lll) Fe(ll)

Glucose CO,

C.H,,0; + 24 Fe(lll) + 24 OH- —> 6 CO, + 24 Fe(ll) + 18 H,0



Effect of Incorporation of Arsenate
on the Reductive Dissolution of Schwertmannite
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Co-Respiration of O, and Fe(lll)

0, H,0
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Are the enzymes involved in Fe(lll) reduction

constitutive?
50
45 -
40
precultures grown
35  anaerobically

+ Fe(lll)

No!

+ chlorampenicol /preculturesigrown
aerobically
- Fe(lll)

+ chlorampenicol
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What about other Acidiphilium species?

Growth in the Rates of Fe(lll) Enzyme(s)
Species absence of reduction in the involved in Fe(lll) Source
oxygen (+ FE(lIl)) presence of reduction
oxygen
Acidiphilium yes lower with inducible this study

cryptum JF-5

Acidiphilium SJH

Acidiphilium
acidophilium

increasing DO
concentrations

poor low rates at
20-40% DO

constant at
40-60% DO

no high rates at
20-40% DO

low at 60-80% DO

constitutive

inducible

Johnson and
Bridge, 2002

Johnson and
Bridge, 2002
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Use of Specific Primers for Fe(lll) Reducers




Sequences from the “Geobacter” PCR product

Closest relative No. of clones  Similarity (%)

Geobacter grbcium strain TACP-5 1 90 Geobactereraceae
Geobacter sp. Strain CdA-2 3 93-97

Bacterial species (clone kb2426) 1 92 Acidobacterium
Uncultured eubacterium WD247 1 96

Uncultured eubacterium 1 90 Caldothrix
Uncultured bacterium clone FW43 1 91 Actinomyces
Uncultured bacterium clone 36-11 1 89 Syntrophus
Uncultured bacterium clone GOUTA19 1 93 Magnetobacterium
Syntrophobacter wolinii 1 91 Syntrophobacter
Bacterium K-4b1 9 93-96

Uncultured bacterium SJA-172 3 94-95

Uncultured bacterium clone LA30-B27 1 91 Desulfobacterium
Uncultured bacterium clone GCA017 1 93

Desulfomonile limimaris 1 91 Desulfomonile
Uncultured bacterium Btol 3 93-94

Angiococcus disciformis 1 89

Uncultured bacterium RCP1-10 3 95-98 y-Protoebacteria




Phylogenetic Tree of the “Geobacter “ Clones

D-PCR-Zone lll - Acido34

D-PCR-Zonelll - Geo1 (GM3/Geo825R)
Common - Zonelll_Clone41

Common - Zonel_Clone15

D-PCR-Zonelll - Geo23 (GM3/Geo825R)
D-PCR-Zonelll - Geo17 (GM3/Geo825R)
D-PCR-Zonelll - Geo22 (GM3/Geo825R)
Pelobacter propionicus, X70954
Geobacter chapelleii, U41561
Geobacter sp., Y19191
Geobacter sp., Y19190
Geobacter metallireducens, L07834
Geobacter sulfurreducens, U13928

LA30-B27, AF513951
Desulfobacterium indolicum, AJ237607

D-PCR-Zonelll - Geo25 (GM3/Geo825R)
Desulfobacca acetoxidans, AF002671

Common - Zonelll CloneKP04
— Syntrophus acidotrophicus, U86447

Common - Zonelll_CloneF6
clone36-11

D-PCR-Zonelll - Geo11 (GM3/Ge0o825R)

D-PCR-Zonelll - 46GM3 (GM3/Geo825R)
D-PCR-Zonelll - 47GM3 (GM3/Geo825R)

D-PCR-Zonelll - 41GM3 (GM3/Geo825R)
bacterium Btol, AF282178

Desulfomonile limimaris, AF230531
D-PCR-Zonelll - 33GM3 (GM3/Geo825R)
Desulfomonile tiedjei, M26635

Clone GCAO017, AF154102
Desulfobacterium anilini, AJ237601
D-PCR-Zonelll - Geo16 (GM3/Geo825R)
D-PCR-Zonelll - 26GM3 (GM3/Geo825R)
D-PCR-Zonelll - Geo26 (GM3/Geo825R)
D-PCR-Zonelll - Geo2 (GM3/Geo825R)
D-PCR-Zonelll - Geo30 (GM3/Geo825R)

D-PCR-Zonelll - Geo31 (GM3/Geo825R)

D-PCR-Zonelll - 28GM3 SGM3/690825RS)

D-PCR-Zonelll - 45GM3 (GM3/Geo0825R)
D-PCR-Zonelll - Geo6 (GM3/Geo825R)
D-PCR-Zonelll - 34GM3 (GM3/Geo825R)
D-PCR-Zonelll - Geo27 (GM3/Geo825R)
D-PCR-Zonelll - 39GM3 (GM3/Geo825R)
D-PCR-Zonelll - Geo28 (GM3/Geo825R)
D-PCR-Zonelll - Geo7 (GM3/Ge0825R)

K-4b1
Clone SJA-172, AJO09502




Phylogenetic Tree of the Acidiphilium Clones

Escherichia coli
Magnetospirillum magnetotacticum

Acido20

Acido31 ; ne ll
Acido3 only in Zone

Acido34

Acidosphaera rubrifaciens
Acidiphilium cryptum
Acido03

Acido22
Acido30 Zone | and Il

Acido24

Thiobacillus acidophilus
Acidiphilium rubrum
Acidiphilium sp.,
Acidiphilium angustum
Acidiphilium sp.,
Acidiphilium sp.,




What about other pH 5 Fe(lll)-reducing environments?

i A s Y P -




PCR Products for Potential Fe(lll) Reducers at pH 5

Table 1. PCR-products obtained with specific primers for potential Fe(lll)-reducing microbes

DNA-extract Primer set specific for
Acidi-
Geobacter Geothrix Shewanella Acidiphilium thiobacillus

peat + + - + -
MPN H, 10 - + ] + ]
MPN H, 107 .+ - - - -
MPN acetate 10™ - + - = -
MPN acetate 10 = - - + -

MPN glucose 10™ - = - + -




Phylogenetic Tree of the “Acidiphilium “ Clones from Peat

— Acidisphaera sp., AF376024
Acido22, ARB_91B7EBCA
Acido30, ARB_6AD566EA
' Acido03, ARB_3DDF0965
_gﬁ Thiobacillus acidophilus, D86511
Acido24, ARB_95CDCDB7

Acidiphilum organovorum

Acidiphilium cryptum, Y18445
Y Acidiphilum multivorum

Acidocella aminolytica / facilis
ﬁidoce//a sp., AF376021
@i Thiobacillus sp., AB040813
1

—fl soil 37, ARB_2B72CA80

fl soil 16, ARB_6013E322

N H2-1.1, ARB_9515BAEE
soil 31, ARB_C55BAD0B
N H2-1.3, ARB_EDA84825
soil 10, ARB_695F2166
soil 11, ARB_D138413E
MPN H2-1.4, ARB_1EC9257A
_nsoil 1, ARB_9FD59C53
soil 28, ARB_941C1B9E
soil 19, ARB_2CDEG64E9
soil 3, ARB_D8C4BCD1
MPN H2-1.3, ARB_F812C89B
soil 9, ARB_AADFA925
TC-7, AF445136, ARB_C9E4CAD2
= Acidosphaera rubrifaciens, D86512
Acido31, ARB_BB73A7F8
Acido20, ARB_95041D3C
RCP 2-10, AF523875, ARB_D090DF78
Acido23, ARB_4A4623E9
Acido34, ARB_16CC698A
soil 12, ARB_1EE7BBOE
soil 7, ARB_FEAC79D5
AJ292609, ARB_F645DB17
AF465654, ARB_8260D8BC

—&%089098, ARB_B47BF475
AY326614, ARB_316A69F0

b

P
-
)



Summary

e Higher microbial diversity in pH 5 than in pH 3 environments.

e Acidiphilium species appear to be involved
in the reduction of Fe(lll) in acidic environments.

e Acidiphilium species differ in their physiological
capabilities and in their biochemistry from
known neutrophilic Fe(lll) reducers.
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